Background: Many investigators have reported unconscious over-reporting of the terminal digit zero but little literature exists on observer or patient-related factors that may predict the occurrence. This study analyzes the occurrence of zero preference in 52,827 blood pressure (BP) measurements in 8513 patients by 11 hypertension nurse specialists in the Hypertension Division at Mayo Clinic, Rochester, Minnesota.
M
anagement of the hypertensive patient is dependent on accurate blood pressure (BP) measurement. This accuracy may be adversely affected by many patient and observer factors. [1] [2] [3] [4] [5] Rose et al 6 found the three most common forms of observer error to be systematic error, digit preference for zero, and digit prejudice. Reporting of the terminal digit zero above the normal distribution of this number in auscultatory BP measurement has been shown to occur with physicians [7] [8] [9] [10] [11] [12] and nurses. 10 in both academic practice [7] [8] [9] and clinical practice, 10, 11 in clinical research, 12 and also in many other areas of data reporting. [13] [14] [15] [16] [17] Little literature exists on characteristics of observers or patients that might influence the occurrence of digit preference for zero. 4, 11 This study looks at four specific observer and three specific patient factors and the occurrence of digit preference for zero in a subspecialty hypertension clinic.
Methods
The population under study comprised 8513 patients with 52,827 BP measurements taken at the Hypertension Clinic of the Division of Hypertension at Mayo Clinic from April 1997 to September 2001. In brief, patient data were collected from the Mayo Clinic, Rochester, Hypertension Continuity Care Database (HCCD), an electronic database that is a part of the care of hypertensive patients in the Division of Hypertension. Patients were those seen by the consultants of the Division of Hypertension and the hypertension care was provided by the nurse-physician approach to hypertension management.
Two patient populations are present in this study. One group consists of patients who have longstanding hypertension. In this group, the nurse-physician team provides primary care as well as hypertension management (continuing care group). The second group consists of those referred for difficult-to-control hypertension and secondary forms of hypertension (short-term care). The study population as a whole has a higher prevalence of secondary forms of hypertension (eg, renovascular disease) and more difficult-to-manage essential hypertension than typically would be seen in a primary care setting. Patients in both groups frequently have multiple co-morbidities complicating their hypertension management, such as diabetes, coronary artery disease, or renal failure.
The population presented in this study is representative of the population seen at the Mayo Clinic, Rochester, Minnesota. Approximately 85% of the patients in this study were from Minnesota and the surrounding states of North and South Dakota, Iowa, Wisconsin, and Illinois. The rest of the patients come from other states or from other countries. Patients of Northern European extraction are over-represented in this practice as compared to the United States as a whole. In particular, Hispanics, African Americans, and other groups are under-represented. All patients whose data were analyzed for this study had at least one visit with at least two standardized measurements of BP and gave consent to use their medical records for research. The institutional review board of Mayo Clinic has approved this study.
During the time of the study, there were 13 active consultants in the Division of Hypertension, all certified as Hypertension Specialists by the American Society of Hypertension. Patients seen by these consultants were subsequently referred to one of the 11 registered nurses and nurse practitioners in the Hypertension Continuity Clinic (HCC) for evaluation and management of their hypertension. These 11 nurses undergo yearly evaluation of their ability to perform BP measurement to American Heart Association (AHA) standards using the AHA training tape as part of the syllabus. The nurses measure BP in a room constructed to facilitate that process. There are two chairs, one on each side of a table; the latter supports the patient's arm at heart level. Aneroid manometers are mounted on the wall at eye level with small-adult, adult, large-adult, and thigh cuffs in each room. The monitors are calibrated by the Biomedical Department every 6 months and are accurate to 2 mm Hg at 20 mm Hg increments from 60 to 240 mm Hg, as previously described by Canzanello et al. 18 The BP measurements were analyzed for the occurrence of zero, two, four, six, and eight terminal digit reporting for both systolic and diastolic BP. Blood pressure measurements with odd terminal digits comprised less than 0.5% of the overall sample and were excluded from consideration. Four nurse-related factors were investigated, including number of BPs performed, years of service as hypertension nurse specialist, time of day (a marker of fatigue), and nursing degree. In addition, patient-related characteristics studied included age of patient, type of care (continuing versus short-term), and hypertension status. The nurses were divided into three groups (low, medium, and high) for number of BPs done during the observation period and number of years of service as hypertension nurse specialist (Table 1) . Zero preference was calculated in 2-h increments during the usual workday 19 Digit preference of BP measurements was calculated within each terminal digit and across strata of interest specified previously.
Results
Analysis of the 52,827 BPs showed a statistically significant increased frequency of terminal digit zero from expected (31.0% zero preference v 20% expected, P Ͻ 0.0001; Table 2 ). The other systolic BP terminal digits (2, 4, 6, and 8) were reported in frequency from 16.0% to 19.4% (Table 2 ). Zero preference of greater than 5% in either systolic or diastolic BP measurements was observed in 10 of the 11 nurses (Table 1) . Seven of the 11 nurses had increased zero preference for both systolic and diastolic BP measurements (Table 1) .
Nurses were divided into three groups based on the number of BPs performed during the duration of the study. Table 2 shows that nurses performing the most BPs had a slightly higher occurrence of systolic zero preference than either of the other two groups (33.1%[high], 27.1% [medium], 28.6% [low], P ϭ not significant). However, after excluding one nurse with zero preference of 53.6%, the highest group decreases to overall zero preference of 27.0%. Similar results were found when comparing the groups based on the number of years of service as a hypertension nurse specialist. The group with the longest service had higher frequency of systolic zero preference than the other two groups (34.9% [high], 27.8% [medium], 27.8% [low], P ϭ not significant). Again, after excluding the nurse with 53.6% zero preference, the overall systolic zero preference in the longest service group decreases to 26.6%. Diastolic results are similar to those for systolic BP and are also reported in Table 2 . No clear difference in diastolic zero preference is seen across the number of BP or years of service strata. With effective sample size of 11 (nurses), statistical significance was not attained in comparing zero preference across strata for systolic or diastolic measures.
The impact of the time of day (fatigue) on the occurrence of zero digit preference for systolic BP is also shown in Table 2 . Within each time period, significant zero preference was observed (7 AM to 5 PM, P Ͻ .0001; 5 PM to 7 PM, P ϭ .002). However, across time of day (fatigue) there was no significant impact on the occurrence of zero preference for systolic BP. Results for diastolic BP are similar and are also given in Table 2 . All 11 nurses had similar distributions of BP measures across time of day strata.
We also looked for differences in zero preference by nursing degree. Associate degree nurses had no significantly different systolic zero preference compared to nurse specialists with a Bachelor of Science in Nursing degree (31.4% [Associate], 30.9% [BSN], P ϭ not significant). After excluding one nurse with excessive systolic zero preference, the zero preference in the BSN strata becomes 26.5%. Diastolic results were similar across degree strata (Table 2) .
To supplement nurse-specific strata, we also investigated patient attributes that may be related to zero preference. We grouped patients into age classes to determine whether zero preference may be more prevalent in elderly or younger patients. Across all age groups there was a clear systolic zero preference with no one strata having marked deviation (Table 2 ). Our data suggest that increasing age is associated with higher diastolic zero preference, as has been reported elsewhere 4 ( Table 2 ; P Ͻ .0001). Results remained consistent when using the first observation per patient to ensure independence of measurements (P ϭ .01).
Zero preference persisted within type of care when patients were stratified by visit type (continuing care versus short-term care). There was a statistically significant increase in zero preference in continuing care patients versus the short-term care patients (systolic 34.5% v 30.2%, P Ͻ .0001; diastolic 34.7% v 33.3%, P ϭ .006) ( Table 2 ; bottom). Results were similar for systolic BP but became insignificant for diastolic BP when using the first observation per patient (systolic 37.8% v 31.3%, P ϭ .0004; diastolic 32.9% v 32.9%, P ϭ not significant). We additionally observed that zero preference may vary across hypertension classification. In particular, systolic and diastolic BP zero preference are not independent of hypertension status (P Ͻ .0001 for both). Even when restricted to one observation per patient, this lack of independence persists (P Ͻ .0001). However, we also noted that when hypertension classifications were redefined to include zero terminal digits in the lower grouping, a shift in zero preference resulted (Table 2, footnote). We conclude that zero preference is consistently higher than expected within all levels of hypertension severity (20%); however, zero preference across hypertension severity levels depends greatly on the definition used for classification.
Discussion
Accurate BP measurement depends on a number of patient and observer factors.
1-5 Rose et al 6 described the three most common observer errors. The first is systematic error, where one observer consistently reads lower than the other. The second and most common is digit preference or the reporting of zero as terminal digit more commonly than the other digits. Finally, the third is the occurrence of whole number preference, the over-reporting of certain numbers usually just below a target threshold value. The current study looks at digit preference for zero across several patient and observer strata and does not investigate systematic observer errors or whole number preference.
Nielsen et al 7 found that digit preference for zero was common in junior faculty physicians and did not improve with 1 year of experience at measuring BP. Patterson 8 found high digit preference for zero for systolic (84%) and diastolic BP (65%) when BP is taken by physicians with a After excluding one nurse with 53.6% zero preference, these values change to †27.0%, ‡26.6%, and §26.5%, respectively. * Diastolic zero preference was significantly associated with age (P Ͻ .0001).
† There were 742 blood pressures excluded from these analyses because no type of care was specified. Both systolic and diastolic measures suggest that zero preference was more prevalent among those patients receiving continuing care than those receiving short term care (systolic P Ͻ .0001, diastolic P ϭ .006).
‡ Both hypertension classification methods are included to demonstrate the dependence of zero preference on the definition of systolic and diastolic ranges. Systolic and diastolic zero preference varied across hypertension severity ranges (chi-square tests of independence, all P Ͻ .0001).
mercury manometer in two large teaching hospitals in England. In the study by Wen et al 9 on systolic BP in a population of 28,801 pregnant women confirmed that digit preference for zero could also be found in nonhospitalized patients when a digit preference for zero of 78% was reported.
Further studies on digit preference suggested that it could be reduced by training. Hla and colleagues 10 demonstrated that there could be a wide range of digit preference for zero among different observers. Serial BP determinations by nurses in the cardiac laboratory (51%) and casual BP on the ward by nurses (45%) had a high degree of digit preference for zero for systolic BP. Zero preference was not seen with an automated device (Infrasonde model SR2, Sphygmetrics Inc., Woodland Hills, CA) or with a well-trained physician's assistant. This suggested that digit preference for zero could be eliminated by training or the use of an automated device.
Further support for the ability to reduce digit preference for zero with training came from Stoneking and colleagues.
11 They looked at digit preference for zero in a nursing home setting. Here again high terminal digit preference for zero was seen 60% of the time, whereas no digit preference was seen in the trained observer using a random zero sphygmomanometer. It was unclear whether the training or the use of the random zero sphygmomanometer accounted for the reduction in digit preference seen in this study. All of these studies looked at training at one point in time only.
Wingfield et al 12 looked at the ongoing occurrence of digit preference and prejudice in a major hypertension treatment trial, the Syst-Eur study, a multicenter trial involving 4695 patients with 61,230 visits, who were evaluated during 8 years. Zero preference was 26.9% for the study as a whole. Regular feedback on the occurrence of digit preference to each study center had an unpredictable impact on subsequent occurrence of digit preference with both centers with high zero preference improving and centers with little or no zero preference worsening despite positive feedback. Digit preference as an observer bias has been reported in areas of clinical practice beyond BP measurement. Digit preference has been shown to occur with autoanalyzer recordings, 13 recording of birth weight, 14 self-reported age at menopause, 15 and age reporting in national censuses. 16, 17 Our study looked at 11 clinical hypertension nurse specialists who undergo yearly training of the techniques of accurate BP measurement to identify whether zero preference was present in our Hypertension Specialty Clinic. We chose to look at four specific nurse-related factors and three patient-specific factors that might influence the occurrence of digit preference. These factors were number of BPs done during the time of observation, number of years of service as a hypertension nurse clinician, fatigue (time of day BP measured), nursing degree, age of patient at time of measurement, type of treatment, and hypertension status. Significant digit preference for zero was seen in the practice for both systolic and diastolic BP (Table 2 ). There was marked variability in the frequency of occurrence of zero among these highly skilled hypertension nurse specialists (Table 1) . For systolic BP, zero preference varied from 21.8% (essentially no zero preference) to 53.6%. For diastolic BP, zero preference varied from 22.2% to 40.8%. Table 2 shows the strata of all seven factors and their impact on zero preference for systolic and diastolic BP measurements. First, our data suggest that fatigue does not influence the occurrence of digit preference. This is true whether one looks at any of the indicators of fatigue; daily fatigue (time of day data) or job fatigue (years of service or number of BPs performed). There is a suggestion that education status (nursing degree) may predict digit preference for zero if we exclude the nurse with the highest zero preference (BSN degree) from analysis. The nurses with a BSN degree then have a zero preference of 26.5%, which is suggestive but not significantly lower than the nurses with an Associate degree at 31.4% (effective sample size of 10 nurses). This is disappointing as it does not allow for targeted oversight or retraining of specific portions of the observer population but rather confirms that all observers need continued observation for the occurrence of digit preference for zero. However, given the specialty clinic setting, our observed zero preference percentages are substantially lower than other studies have reported, as summarized by Thavarajah et al. 4 Patient-related factors and their impact on zero preference are very interesting. First, there was no impact of age of patient on the occurrence of systolic zero preference, but there was a suggestive trend for diastolic zero preference ( Table 2 ). The diastolic trend was found in a similar study 4 ; however, a lack of systolic zero preference reassures us that the accuracy of BP measurement is not greatly diminished in the elderly patient and does not contribute to lower rates of hypertension control reported in older hypertensives. 20 Second, there was an impact of visit type on the occurrence of zero preference. There was a significant increase of zero preference in the continuing care group when compared to the short-term care patients (34.5% v 30.2%, P Ͻ .0001) ( Table 2 ). This may be due to enhanced attention to accurate BP determination in patients undergoing short-term antihypertensive drug titration to achieve BP control. It could also be due to a worse performance in patients seen frequently. We also investigated the impact of hypertension status on zero preference. Although we were able to confirm greater than expected zero preference in all strata of hypertension severity, results were not convincing of an increased zero preference in the critical diagnosis ranges of systolic and diastolic BP or in those regions that would not affect diagnosis ( Table  2) . Part of the apparent increased zero preference at increasing severity of hypertension classification is due to the use of severity intervals beginning with the zero digit and to the downward slope of the true distribution of BP. As one can see at the bottom of Table 2 , when we arbitrarily change the definition of each level of severity of hypertension to begin with the final digit "two," the frequency of zero preference is substantially reduced but does not return to the normal of 20%. Thus, the increasing frequency of zero seen for both systolic and diastolic BP is due to zero preference, the normal distribution of BP and to using zero to define the beginning of each level of severity. The exact proportion to assign to each effect is unclear. However, our data do suggest that terminal digit preference for zero in conjunction with a system of classification that includes zero terminal digits in the more severe diagnosis class (as is currently the standard) likely leads to overclassification or overtreatment of hypertension as previously reported by Nielsen et al. 7 A weakness of our study is that although many BPs were taken during the observation, there are only 11 observers to evaluate the impact of the four observer-related factors. Our study should be repeated in a database with hundreds of observers, such as in the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial, 21 to confirm that these factors do not influence the occurrence of digit preference for zero.
In conclusion, digit preference for zero remains a common finding in clinical medicine. Continued use of auscultatory BP in clinical medicine means that careful review of all observers is required. This is practical only for institutions, such as Mayo Clinic, which use an electronic medical record. Practices that do not use this instrumentation would find observer oversight onerous. For these groups, use of an automated oscillometric device would significantly reduce the observer oversight problem, as previously shown by Hla et al. 10 Our data also suggest that even observers who have performed many BP measurements or who have performed this job for many years are likely to exhibit zero preference and should be included in monitoring and training.
